Abstract: Considering often contradictory data on biological effects of mobile phones frequencies on established cell culture lines, our study aimed at evaluating the influence of 864 MHz electromagnetic field on proliferation, colony forming ability and viability of Chinese hamster lung cells continuous line V79. Prior to exposure for 1, 2 and 3 hours in transversal electromagnetic mode cell (TEM-cell) equipped by Philips PM 5508 signal generator cell samples were sub-cultivated for one day. Cell samples were exposed to 864 MHz continuous wave at an average specific absorption rate (SAR) of 0.08 W/kg. To determine cell growth, V79 cells were plated in concentration of 1 × 10 4 cells per milliliter of nutrient medium RPMI 1640, and raised in a humified atmosphere at 37
Introduction
Common concern about biological effects of radiofrequency microwaves (RF/MW) grows because of increased general use of microwave generating systems. So far, many reported biological effects of RF/MW in humans are considered to be simply indeterminate with respect to their significance to human health (Elwood, 2003) . Therefore, it is important that biological effects of RF/MW fields, if any, to be understood at the single cell level. For that reason the basic cognitions derived from laboratory studies based on cellular and animal test systems are of invaluable significance. Numerous in vitro biological effects caused by low level RF/MW irradiation have been reported, and part of them has been conducted to assess changes at cellular level. Detrimental effect has been obtained on cell growth rates and cell membrane structure (Grundler & Keilman, 1978; Phelan, 1992) . Further, due to RF/MW irradiation, alteration in cell morphology and actin distribution has been reported (Donnelan et al., 1997; Pacini et al., 2002) . Also, RF/MW could interact with different apoptosis induction pathways as it was reported by Peinnequin et al. (2000) .
Otherwise, no effects have been obtained on cell cycle, enzyme activity, gene expression, DNA and chromosome damage (Dutta et al., 1992; Cleary et al. 1996; Fritze et al., 1997; Malyapa et al., 1997; Pentafield et al., 1997; Goswami et al., 1999; Bisht et al., 2002; Zeni et al., 2003) . A wide range of studies in vivo was also conducted. Recently, Trosic and coworkers showed that rat blood forming system could be affected by low level RF/MW fields (Trosic et al., 2001; 2004a,b) . In addition, there have been a number of biological effects observed in animals during the radiofrequency field at non-thermal level exposure (Repacholi et al., 1997; Trosic et al., 2002; Busljeta et al., 2004) . Previous studies in the field of mobile phones frequencies often presented results that have been contradictory, and thus confusing to the readers. For that reason there is a permanent need for independent and objective research about the RF/MW biological potency. It is recommended that the time course of effects should also be investigated to determine if they are chronic, acute, or whether effects disappear after cessation of exposure (Repacholi, 1998) .
This study is aimed at evaluating the influence of 864 MHz electromagnetic field on proliferation, colony forming ability and viability of Chinese hamster lung V79 cell culture after irradiation of 1, 2 and 3 hours.
Material and methods
Continuous cell line V79, lung fibroblasts of Chinese hamster was used. The cells were routinely raised in culture medium (RPMI 1640 medium supplemented with antibiotics and fetal calf serum, SIGMA Chemical Co., St. Louis, USA). The cells were maintained in a humified atmosphere at 37
• C in 5% CO2, and pre-incubated for 24 hour prior to the beginning of the assay. Treated samples were matched with cells exposed to the mock exposure conditions. The mock cell samples were handled identical to treated ones, but without RF/MW irradiation.
Optimized exposure device, transversal electromagnetic mode cell (TEM-cell) equipped with Philips PM 5508 signal generator and signal amplifier was used as RF/MW set-up (MALARIC & BARTOLIC, 2003) . TEM-cell was designed to emits signal frequency of 864 MHz continues waves. The electric field strength inside TEM-cell was defined to be 7.3 V/m, and average field power density was 0.1 W/m 2 . Inside the exposure device temperature was measured in 10-minute intervals in order to manage steady condition of 37
• C during irradiation. In order to calculate the specific absorption rate (SAR) for a single cell, the values of dielectric parameters of the individual substance of a typical mammalian cell were averaged in accordance with their volume fraction within the live cell (STEFENSEN et al.,1995) . The average SAR per single cell was calculated to be 0.08 W/kg. Cell culture samples have been exposed to radiofrequency field of 864 MHz for 1, 2 and 3 hours. To determine cell proliferation V79 cells were plated in concentration of 1 × 10 4 cells/mL of RPMI medium. Cell proliferation was determined microscopically by cell counts for each hour of exposure on post-exposure days 1, 2, 3, 4 and 5.
To determine colony-forming ability, cells were plated in concentration of 40 cells/mL. Cell cultures were irradiated for 1, 2 and 3 hours, and cultivated for a period of 7 days. Cell colonies were stained with Giemsa dye, and determined microscopically (Magn. ×10). Trypan blue exclusion method (SIGMA Chemical Co., St. Louis, USA) was used to determine cell viability. Non-viable and viable cell rate were determined by counting cells after microwave radiation during five consecutive days (FRESHNEY, 2000) .
Analysis of variance (ANOVA/MANOVA) was used for statistical data evaluation.
Results
Growth curves of V79 cell culture after 1, 2 and 3 hours of 864 MHz microwave irradiation and matched cells exposed to mock conditions are present in Figures 1, 2 and  3 . In comparison to cells exposed to mock conditions, significant difference was found in culture samples that have been exposed for 2 and 3 hours (Figs 2,3 ). Decline in cell number has been noticed on the 3 rd day after microwave exposure (p < 0.05). Cell population doubling time did not differ between the groups throughout the experiment and it was found to be 16.2 hours. Noticed decline in microwave-exposed cell number on the 5 th day seems to be a consequence of accomplishing cell culture confluence and depletion of nutrient medium ingredients which might be confirmed by decrease in matched control cell number at the same day of exposure.
Colony-forming ability of V79 cells exposed to 864 MHz frequency for 1, 2 and 3 hours and related shamexposed controls is shown in Figure 4 . Colony-forming ability in between sham-exposed and irradiated cell cul- ture samples did not resulted in significant differences, neither between applied doses or tested exposure times.
Viability of V79 cells exposed to 864 MHz frequency for 1, 2 and 3 hours is shown in Figure 5 . Cell viability remained unaffected after 1, 2 and 3 hours of exposure to the low level 864 MHz field frequency ranging from 97.5% to 100%. Each data point at the curves represents the mean value obtained from six separate cell samples.
Discussion
Considerable and reversible impact of RF/MW irradiation on proliferation and maturation of heamotopoietic cells was found in whole-body rats' exposure experiment (Trosic et al., 2004a) . Although authors offer a credible mechanism of RF/MW action in vivo, we believe that precise insight into the mechanism would be accomplish by the in vitro approach to the problem.
Selected RF/MW radiation and controlled conditions applied in this in vitro study has affected cell proliferation without changing colony-forming ability and viability of cell in established culture line. It is important to note that regardless the mammalian cells variety, our results are similar to the findings referred by Kwee & Rasmark (1998) who found significant growth suppression of human epithelial amnion cells exposed to 960 MHz, SAR of 0.021, 0.21 and 2.1 W/kg. Since the maximum effect on changes in proliferation rate was found at a specific electromagnetic field frequency and exposure time, the results confirmed hypothesis of so-called "window effect" proposed earlier by Adey (1980) . While the temperature plays crucial role in bioelectromagnetic experiments, Velizarov et al. (1999) , who reported on a significant change in cell proliferation in the RF/MW exposed cells at 39
•

C and 35
• C, claimed that altered proliferation was attributed to electromagnetic field exposure but not to the influence of temperature. That is, the applied RF/MW field induced changes of the same order of magnitude at both temperatures and comparable to results obtained under isothermal conditions. French et al. (1997) investigated effect of 835 MHz on human astrocytoma cell line at power density of 40 and 8.1 mW/cm 2 . The alteration in cell proliferation was observed at 8.1 mW/cm 2 , whereas alteration in cell morphology was noticed at field power density of 40 mW/cm 2 . Otherwise, both, Stagg et al (1997) and Higashikubo et al. (2000) did not observe changes in the transit of cells through G 1 , G 2 and S phases, and cell division, immediately after exposure up to 100 h modulated 835.62 MHz frequency wave, SAR of 0.6 W/kg. Nevertheless, the capability of low-power RF/MW radiation to induce reversible alteration in cell protein structure has been proven. Microwaves affect the kinetics of conformational changes of the protein β-lactoglobulin. RF/MW irradiation accelerates these changes in the direction towards the equilibrium state by excitation of collective intrinsic modes in the protein. These non-thermal effects of 2.45 MHz microwaves were consistently reproducible in repeated experiments (Bohr & Bohr, 2000) . Considering the intermittent changes of cell growth kinetics obtained in our study, it should be hypothesized that protein conformational changes caused by external RF/MW irradiation could trigger compensatory or adaptive cell response. Proposed hypothesis need to be experimentally tested in further research. Transient decrease in growth kinetics without disturbing viability and colony-forming ability of cells suggests that the influence of applied RF/MW of 864 MHz frequency radiation on fundamental biological processes is likelihood, being active in the manner of biological stressors.
It could be concluded that under strictly controlled laboratory conditions, applied RF/MW irradiation significantly affected cell proliferation kinetics but not viability or ability of V79 cells to form colonies. In order to elucidate this obviously sophisticated mechanism the further investigation involving events at subcellular level, particularly proteins, related to the RF/MW irradiation is intended to be done.
